This study introduces the Southern Particulate Matter Supersite in Taiwan, which began operating on April 1, 2005. The supersite has one core station and three satellite stations for monitoring the properties of particulate matter (PM) and emission sources in southern Taiwan. High-time resolution
INTRODUCTION
Epidemiological studies have identified *Corresponding author. Tel.: +886-7828715; Fax: +886-7-7821221 E-mail address: chlin@mail.fy.edu.tw the relationships between ambient PM concentrations and adverse health effects (e.g., Vedal, 1997; Guo et al., 1999; Pope et al., 2002; Brunekreef and Holgate, 2002; Englert, 2004; Harrison et al., 2004a; Migilaretti and Cavallo, 2004; Anderson et al., 2005; Peden, 2005; Chow et al., 2006a;  The annual variations of PSI>100 in entire Taiwan Pope and Dockery, 2006; Mauderly and Chow, 2008) . To protect public health, the U.S. Environmental Protection Administration (EPA) implemented National Ambient Air Quality Standards (NAAQS) for PM 2.5 in 1997 (Federal Register, 1997) and amended these standards in 2006 (Federal Register, 2006) . The PM 2.5 mass, composition, and size-resolved particle number concentrations are important factors when developing effective emission control strategies and are needed when determining correlations between PM exposure and adverse health effects (National Research Council (RC), 1998; 2001; 2004) . The U.S. EPA constructed Particulate Matter Supersites in (U.S. EPA, 1999 Solomon and Hopke, 2008 ) with objectives to: (1) evaluate advanced measurement methods, (2) further understand atmospheric processes, and (3) establish relationships between PM and adverse health effects (Watson et al., 2000) . Over 400 studies have focused on U.S. Supersites (e.g., Solomon and Hopke, 2008; Chow et al., 2008; Solomon and Sioutas, 2008; Watson et al., 2008) . Several special journal issues (Brock et al., 2004; Middlebrook et al., 2004; Ondov et al., 2004; Chow et al., 2004; Stanier and Solomon, 2006; Wittig and Solomon, 2006; Geller and Solomon, 2006; Chow and Solomon, 2006; Solomon and Hopke, 2008) increase may be due to the increase in the number of vehicles, 6-10% per year (Lin et al., 2002 ). An improved understanding of the causes of excessive air pollution and source-receptor relationships is needed. The need for enhanced temporally, chemically, and size-resolved PM data prompted the establishment of Taiwan Particulate Matter Supersites (Chan, 2000) . Currently, Taiwan has two supersites (Fig. 2) (Lee, 2002; Lee et al., 2006; Chang et al., 2007) , and the Southern 
SOURCES AND METEOROLOGICAL CHARACTERISTICS
The Southern Supersite ( Fig. 2) is located in the Kao-Ping air basin in southern Taiwan (Wu et al., 2005; Lin et al., 2006a Air pollution levels are low in summer and high in winter (Chen et al., 2004a 
SUPERSITE MEASUREMENTS

Measurements
Both PM 2.5 and PM 10 mass concentrations are measured by a tapered-element oscillating microbalance preceded by a sample equilibrium system (SES-TEOM) (Meyer et al., 2000) . The SES-TEOM, which is operated at 30°C to minimize volatilization, has a diffusion drier that Relative humidity (Met One CS500L) ± 2% ± 2% Six-monthly factory calibrations; monthly comparison with psychrometer.
removes particle-bound water. Lee et al. (2005a; 2005c) However, the SES-TEOM inevitably loses some semi-volatile materials due to heating to 30 o C (Lee et al., 2005a; 2005c Taiwan (Lin, 2002; Chen et al., 2003; Tsai and Cheng, 1999; 2004 (Wittig et al., 2004; Harrison, et al., 2004b; Chow et al., 2008) .
Notably, conversion efficiencies from calibration solutions are not necessarily the same as those for ambient particles. However, the conversion factor depends on absorption wavelength and the physical and chemical properties of particles. In Fresno, the conversion factor is 10 m 2 /g, which was estimated by comparing light absorption with integrated filter analysis of EC (Park et al., 2006a) . This comparison can be used to acquire the local conversion factor in Taiwan Collocated tests between the TSI scanning mobility particle sizer (SMPS) (TSI, USA)
and Grimm SMPS (GRIMM, Germany) at the Fresno Supersite reveal that the two sizers are similar in the 30-50 nm particle range . The Grimm 1.108
and Grimm SMPS can also report particle mass concentrations derived from the measured size distribution when particle shape and density are used. Therefore, measurement of local particle density is important to obtaining reliable PM concentrations. 
Quality assurance and data validation
Seasonal variations
In this section, the seasonal trends of winter (Chen et al., 2004a; Lin et al., 2005a) .
The PM 10 mass levels before April 2007 at the TZ station were higher than those at the other stations (Fig. 4a) , while PM 2.5 mass levels at the TZ station were close to those at the other stations (Fig. 4b) . The increased coarse PM concentrations at the TZ station are unclear and need further investigation in the future.
Notably, SO 2 is the primary precursor of sulfate and can be oxidized to form sulfuric acid (H 2 SO 4 ) via gas-and liquid-phase reactions. Once H 2 SO 4 forms, it can react quickly with NH 3 and thereby form nonvolatile ammonium sulfate ((NH 4 ) 2 SO 4 ), which is mostly found in fine PM. The gas-phase oxidation rate is determined by levels of the ambient hydroxyl radical (OH), which is associated with photochemical activity (Seinfeld and Pandis, 1998) .
Liquid-phase oxidation is fast and occurs in clouds, rainwater, and within the water fraction of ambient aerosols. The liquid pathway is likely important in southern Taiwan as the monthly average humidity exceeds 75% (Fig. 3) . Considerable sulfate differences among stations exist (Fig. 4c) , indicating that sulfate is formed locally.
Notably, SO 2 is primarily emitted from coal-fired power plants and large point sources in southern Taiwan. The relatively high levels of sulfate in winter at the northern TO station (Fig. 4c in October (major) and May (minor). The October ozone peak coincided with elevated PM 2.5 mass and sulfate (Fig. 5) , implying that the increasing PM 2.5 mass resulted from excess production of sulfate through the gas-phase pathway due to strong photochemical activity.
The primary precursor of nitrate is NO x .
Both mobile and point sources are important NO x sources in southern Taiwan. Similar to the gas-phase pathway for sulfate, NO x can be oxidized by OH and thereby form nitric acid (HNO 3 ) (Seinfeld and Pandis, 1998 (Fig. 4d) , indicating that NH 4 NO 3 is produced locally. The relatively high nitrate concentrations in winter at the southern CZ station (Fig. 4d) likely resulted from abundant NH 3 , with sulfate at the lowest (Fig. 4d) .
Therefore, small NH 3 was consumed by sulfate, explaining the elevated NH 4 NO 3 concentration observed at the CZ station.
Nitrate concentrations at the urbanized TZ station are much lower than those at the other three stations (Fig. 4d) , possibly due to the lack of NH 3 in the city. Nitrate concentrations at the southern CZ and northern TO stations peak in January (Fig.   4d ). These peaks are likely due to the high ambient NH 3 concentrations (Fig. 5 ) and low ambient temperature, which favor particle phase of NH 4 NO 3 .
Notably, EC is a primary pollutant and is generated by incomplete combustion of local sources (Fine et al., 2008) , while OC can be from primary and secondary sources. (Fig. 4f) can be explained by enhanced emissions and a relatively low mixing depth in cold months. Notably, the OC levels peak in December, one moth earlier than EC, likely due to the contribution of secondary OC (Fig. 5) . The production rate of secondary OC peaks in October and drops off after October, as inferred based on ozone variations (Fig. 5) . Table 4 are SO 4 2-(24-29%), OC (21-22%) and NO 3 -(10-16%). This is similar to levels observed in the eastern U.S. (Fine et al., 2008) , but differ from those in the western U.S. where only NO 3 -and OC dominate . The annual PM 10 averages (Table 4) According to Tsai et al. (2006) , when relatively humidity is > 85%, the BAM reading will increase as humidity increases.
These situations frequently occur during nighttime in southern Taiwan due to the nature of high humidity (Fig. 3) . The low For PM 10 mass, PM 2.5 mass and PM 2.5 OC and EC concentrations, the major peaks were near morning rush hours, indicating that these are related to vehicle emissions.
The TZ station, located in Kaohsiung City, has higher morning peaks of PM 10 mass, and PM 2.5 mass, OC and EC concentrations than the other stations ( Issues that need to be addressed in the future include: (1) loss of semi-volatile substances from the SES-TEOM, (2) efficiencies for the sulfate (RP 8400S) and n i t r a t e ( R P 8 4 0 0 N ) m o n i t o r s , ( 3 ) measurements of particle density and water, (4) organic speciation, (5) size-resolved particle composition, and (6) new receptor modeling techniques and source profiles.
Loss of semi-volatile substances from the
SES-TEOM
The SES-TEOM loses semi-volatile substances, especially nitrate (Lee et al., 2005a; 2005c) , and thereby underestimates PM 2.5 and PM 10
concentrations. The filter dynamic measurement system (FDMS) (Meyer et al., 2002) accounts for volatilization (Grover et al., 2005; Chow et al., 2008 (Lin et al., 2006b; Lin and Cheng, 2007) .
Conversion efficiencies for the RP 8400S
and RP 8400N Wittig et al. (2004) , Harrison et al. (2004b) and Chow et al. (2008) showed that conversion efficiencies acquired from calibration solutions are not representative of those for ambient sulfate and nitrate. Chow et al. (2006b) recommend site-specific comparisons between continuous monitor and filter measurements.
On-site ion chromatographs (ICs) (Hogrefe et al., 2004; Grover et al., 2006) and those in Taiwan  2007).
Measurements of particle density and water
Particle density facilitates conversion of number distributions to mass distributions and aerodynamic diameters related to Stokes diameter. Bulk particle density can be estimated from the PM chemical composition. Alternatively, effective particle density can be calculated when the following combinations are known: mobility size-aerodynamic size; mobility size-particle mass; or, aerodynamic size-particle mass (Ristimaki et al., 2002; McMurry et al., 2002) . Particle water may account for some unresolved PM mass (Chow, 1995; Rees et al., 2004) . Rees et al. (2004) reported that water can contribute 8-16% of FRM PM 2.5 mass at the Pittsburgh Supersite. One of the most common methods for measuring particle water is to use hygroscopic tandem differential mobility analyzers (H-TDMAs) (Cocker et al., 2001) . Additionally, automatically measuring particle water is possible. One method has been successfully tested at the Pittsburgh Supersite (Khlystov et al., 2005) . Further investigation of seasonal variations of particle water is necessary to explain the unresolved PM mass in Taiwan, where numerous studies about PM compositions are based on filter analyses in the laboratory (Lin and Tsai, 2001 ; Lee and Chang, 2002; Lin, 2002; Lin and Lee 2004; Lin et al., 2005b; Fang et al., 2006; Chen et al., 1999; 2001; Tsai and Cheng, 1999; 2004; Tsai and Kuo, 2005; Chio et al., 2004; Chiang et al., 2005) . 1,2-benzenedicarboxylic acid for SOA, and iso-nonacosane for cigarette smoke (Schauer and Cass, 2000; Chow et al., 2007a; Watson et al., 2008) . Therefore, organic species analysis can enhance source apportionments and correlate combustion aerosols to adverse health effects (Mauderly and Chow, 2008) . Analytical techniques for PM organic species in Taiwan are labor intensive and use water or solvent extraction followed by gas chromatography/mass spectrometry (GC/MS) (Lin and Lee, 2004) .
The recent advancement in thermal desorption following GC/MS analysis was examined by Chow et al. (2007b) and can be used as an alternative, cost-effective method.
This method can acquire 130 non-polar organic species including n-alkanes, alkenes, cycloalkenes, hopanes, sternes, polycyclic aromatic hydrocarbons (PAHs) ).
Size-resolved particle compositions
The evolution of PM size distribution provides insight into the nucleation process, secondary aerosol formation, and primary source attributions. Single particle mass spectrometers (SPMS) (Carson et al., 1995; Johnston and Wexler, 1995; Nordmeyer and Prather, 1994; Jayne et al., 2000; Thomson et al., 2000; Middlebrook et al., 2003) provide information on particle size (down to ~ 50 nm) and compositions (Wexler and Johnston, 2008) . The micro-orifice uniform deposit impactor (MOUDI) (Marple et al., 1991) and Nano-MOUDI (MSP, USA) are alternative devices that collect PM substrates for different size bins that can be analyzed in the laboratory (Lin et al., 2005b; Tsai, et al., 2005; Fang et al., 2006; Chow and Watson, 2007) .
New receptor modeling techniques and source profiles
Receptor models identify and quantify source contributions based on chemical fingerprints of various sources (Watson et al., 2002; Chen et al., 2007a; Watson et al., 2008) . Receptor modeling in Taiwan (Chen et al., 1999; Chen et al., 2001; Chio et al., 2004; Chiang et al., 2005; Wang et al., 2007) has applied the effective variance solution to chemical mass balance (CMB) equations (Friedlander, 1973; Watson, 1984; Watson et al., 1984) . However, local source profiles are limited (Chen et al., 1999; Chen et al., 2001; Chio et al., 2004; Chiang et al., 2005; Wang et al., 2007) . Applying other CMB solutions, such as positive matrix factorization (PMF) (Paatero, 1997) and UNMIX (Henry, 1997) , may provide source factors that can be compared with real source profiles Watson et al., 2008) . The source-receptor hybrid pseudo-deterministic model (PDRM) should also be considered for use to detect and quantify elevated plume emissions and contributions (Park et al., 2005; ). All of these methods require that Taiwan increase its effort in obtaining source profiles that represent real-world emissions (Chen et al., 2007b; England et al., 2007a; http://es.epa.gov/ncer/rfa/archive/grants/9 9/supersitesrfa.html.
